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A METHOD OF FABRICATING PLIANT WORKPIECES, TOOLS FOR 
PERFORMING THE METHOD AND METHODS FOR MAKING THOSE TOOLS 

REFERENCE TO RELATED PATENT APPLICATION 
[0001] This patent application is based on and claims the benefits of U.S. Provisional 
Application No. 60/401,816 filed on August 7, 2003. 

FIELD OF THE INVENTION 
[0002] This invention pertains to precision methods for operating on surfaces of pliant 
non-metallic workpieces, to methods of manufacturing tools for such operations and to tools 
for performing such operations. 

BACKGROUND OF THE INVENTION 
10003] Historically, processing pliant materials such as rubber compounds and 
elastomers has presented serious difficulties. This has been especially true when the 
processing resembled grinding to shape or finish a part as practiced on hard materials such 
as metals, thermosetting resins and the like. The resilience of the workpiece has produced a 
variable and unpredictable interface between workpiece and tool and consequent 
unpredictable dimensions and surface finish of the workpiece. Furthermore, the nature of 
the debris from the workpiece produced by a grinding operation on pliant materials 
presented other serious problems in productivity and product quality. Specifically, using a 
grinding wheel or similar grinding tool incorporating relatively large abrasive particles on 
the grinding surface results in excessive forces on the workpiece and consequent distortion 
of the product during processing, low quality and difficult quality control. On the other 
hand, smaller abrasive particles that do not abuse the workpiece to the same extent tend to 
clog the grinding surface which quickly becomes non-functional because of the debris 
retained on the wheel. 

[0004] For many grinding applications involving pliant workpieces, a grinding tool 
made in accordance with Neff U.S. Patent 5,181,939 optimized both the speed with which a 
workpiece can be finished as well as the quality of the finished product. In accordance with 
the teaching of the '939 patent, elements of a generally conic configuration made up of 
many small abrasive particles are held together on a flexible matrix, transferred to a tool 
blank and brazed in place to form a finished tool. The tool may be in the nature of a hand 
file, a rotary grinding wheel or other appropriate configurations. The conic elements can be 
dressed to provide a precision grinding surface and the interstices between the apices of the 
elements provide the capability of receiving grinding debris and discharging that grinding 
debris from the working face. 
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[0005] While grinding tools for many applications have been very successful utilizing 
the teachings of the '939 patent, certain workpieces requiring a relatively high degree of 
precision and high production rates were not readily produced even with the advantageous 
processes and products provided by the '939 teaching. However, the teaching of the '939 
patent is utilized in the preferred embodiments of the invention described hereinafter and 
the entire specification and drawings thereof are incorporated herein by reference. 
[0006] One product that has heretofore escaped the full benefits of the abrasive element 
and tool construction of the '939 patent are automotive accessory belts and similar pliable 
products having one or more grooves to receive corresponding ribs in pulleys and the like. 
Automotive accessory belts have multiple grooves formed in the cross section to receive the 
ribs on the circumference of multi-rib pulleys that either drive the belt or are driven by the 
belt to power air conditioning systems, power steering systems and the like. The multiple 
grooves in automotive accessory belts have been molded, or alternatively, they have been 
formed in flat belts using grinding or flycutting techniques. Grinding has been achieved 
using wheels surfaced with small diamond particles and having the profile for the multiple 
lands and grooves of workpieces formed therein. In flycutting, a term adopted from the 
metal working industry, tungsten carbide knives are held in a rotating fixture. The knives 
are ground to produce the desired belt profile. 

[0007] Both the grinding and flycutting techniques present problems, produce imprecise 
results and involve short tool life and high cost. In diamond grinding wheels, very fine 
diamonds must be used to achieve the intricate profile in the belt. Consequently, the 
material removal rate is limited as are the speeds and feeds. Surface speeds with 
conventional belts have normally been limited to less than 6,000 feet per minute and the rate 
at which the belt can be fed is limited to about 90 feet per minute. Flycutting with tungsten 
carbide knives offers great advantages in productivity. Speeds in the order of 10,000 feet 
per minute are possible and a feed rate in the order of 5 inches per second has been reported. 
However, the flycutting tools have very short useful life and frequent resharpening is 
required. This necessitates constant process monitoring and downtime for removing and 
replacing tooling. Consequently, tooling costs for both diamond grinding and flywheel 
cutting have been high. 

BRIEF SUMMARY OF THE INVENTION 
[0008] The present invention provides unique tools and methods for processing pliant 
workpieces such as automotive accessory belts that have grooves and lands. Tools 
constructed in accordance with this invention and utilized in accordance with this invention 
to make pliant workpieces have been reported to provide from 5 to 10 times the life of a 
diamond grinding tool, to dramatically reduce the process monitoring requirements and 
downtime for tooling changes and to permit higher production rates. While flycutting with 
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tungsten carbide knives permits production speeds much higher than diamond wheels while 
running, that process requires frequent monitoring and more frequent downtime for tooling 
changes. Known prior art techniques and tools were hard on the pliant workpieces. They 
distorted the workpiece during processing and made dimensional stability and precision 
workpieces difficult or impossible. Utilizing the present invention, tool speeds of 10,000 
feet per minute and feed rates of 1 0 inches per second have been achieved in production 
operations with greatly enhanced tool life. 

[0009] The improved method or process of this invention for manufacturing automotive 
accessory drive belts or other grooved workpieces involves the use of a unique ramped tool 
having unique patterns of abrasive elements formed thereon. The tool is manufactured by a 
unique fabricating process including creation and application of unique elements of abrasive 
particles secured to a tool blank. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0010] Figure 1 is a diagrammatic and schematic illustration of an automotive engine 
accessory drive system; 

[0011] Fig. 2 is a fragmentary cross section taken at line 2-2 of Fig. 1 illustrating the 
relationship between a drive pulley or accessory pulley having multiple V-shaped recesses 
and a grooved belt; 

[0012] Fig. 3 illustrates a cross section of a raw belt blank before it is processed in 
accordance with this invention to provide the belt of Fig. 2; 

[0013] Fig. 4 diagrammatically illustrates the results of operating on the blank of Fig. 3 
by the removal of material in one or more processing steps resulting in a precision multiple 
groove drive belt; 

[0014] Fig. 5 schematically illustrates the grinding set up for fabrication of a finished 
multi-groove belt using the invention; 

[0015] Fig. 6 is a schematic view of an anvil, belt and grinding tool taken on the line 6-6 
of Fig. 5; 

[0016] Fig. 6 A shows an enlarged fragment of a tool and anvil in engagement with a 
workpiece in accordance with this invention; 

[0017] Fig. 7 is an axial view of a tool blank disk from which a rotary tool is fabricated 
in accordance with this invention; 

[0018] Fig. 8 is a radial view of the blank taken on the line 8-8 of Fig. 7; 

[0019] Fig. 9 shows an axial view of one tool blank after an initial processing step in 

accordance with this invention; 

[0020] Fig. 10 is a radial view showing the tool blank of Fig. 9 and a plunge tool as it 
shapes the periphery of a blank disk; 

[0021] Fig. 1 1 shows the tool disk of Fig. 10 in a subsequent key-cutter processing step; 
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[0022] Fig. 12 schematically illustrates a key cutter for removal of steel from the 

annular surface of the disk taken on the line 12-12 of Fig. 11; 

[0023] Fig. 13 shows an enlarged fragment of the tool and disk of Fig. 12; 

[0024] Fig. 14 is a flattened axial view of one ramp portion of the configuration of Fig. 

13; 

[0025] Fig. 14A-14D are sections taken at the lines A, B, C and D of Fig. 14 showing 
the ramps and slotting of one quadrant of the wheel of Fig. 13; 

[0026] Fig. 15 represents a top view of the flattened view of Fig. 14 showing the 
configuration of the six slots between circumferential positions A and D; 
[0027] Fig. 16 is another flattened fragmentary top view of a portion of the ramps of 
Figs. 14 and 15 showing the application of abrasive elements to the left side of one ramp 
and to the base; 

[0028] Figs. 16A(R) through Fig. 16D show elevation views of the ramp and elements 
of Fig. 16 at circumferential positions A to D; 

[0029] Fig. 17 is another flattened top view of a portion of the ramps of Figs. 14 and 15; 
[0030] Figs. 17A(L) through Fig. 17D show elevation views taken at the lines A- A 
through D-D of Fig. 17 at circumferential positions A-D; 

[0031] Fig. 18 shows the tool of Figs. 16 and 17 in position relative to a dressing tool; 
[0032] Fig. 19 is an enlarged view of the encircled portion as labeled in Fig. 18; 
[0033] Fig. 20 is a schematic view of a fragment of the dressing tool juxtaposed above 
views of four cross sections of the ramp and elements at positions A through D shown in 
Fig. 1 1 et seq. and superposed; 

[0034] Fig. 21 is a view similar to Fig. 20 but showing the configuration of the 
superposed views of four cross sections at A-D after the dressing operation is completed 
whereupon the tool can be assembled in the configuration shown in Fig. 5 for finishing a 
belt having multiple grooves; 

[0035] Fig. 22 shows one such finished belt groove; 

[0036] Fig. 23 shows an anvil and spaced tool with dressed elements for precision 
control of the thickness of the finished belt; 

[0037] Fig. 24 illustrates a combined tool in accordance with this invention having 
annular flanges with precision elements for controlling belt width and the ramp and 
grooving elements at position A; 

[0038] Figs. 25-28a are reproduced from U.S. Patent 5,1 81,939 to provide a convenient 
illustration and description of elements and a method of element manufacture in which: 
[0039] Fig. 25 shows a fixture for forming abrasive elements; 

[0040] Fig. 26 shows the fixture with elements of tungsten carbide particles positioned 
during manufacture; 
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[0041] Fig. 27 shows an enlarged fragment of Fig. 26 showing the inclusion of braze 
alloy and cement; 

[0042] Fig. 27 A is an enlarged fragment of the encircled area in Fig. 27; 

[0043] Fig. 28 shows the encircled area in Fig. 27 after the firing step is completed; and 

[0044] Fig. 28A is an enlarged fragment of the encircled area 28A in Fig. 28. 



DETAILED DESCRIPTION OF THE INVENTION 
[0045] The invention disclosed herein is set forth in the following description, is 
illustrated in the attached drawings and is the subject of the attached claims. The invention 
includes an abrasive tool, a method of making the tool and a method for removing material 
from a workpiece, especially a pliant workpiece. Material is removed by contact and 
relative motion between a working surface of the tool and an operative surface of the 
workpiece in a direction to produce a precision profile comprising an elongate groove 
configuration in the workpiece. The abrasive tool is especially useful in manufacturing 
products of compliant rubber-like materials. The method involves removing material from 
an elongate, non-metallic workpiece to produce a precise operative face with a precision 
tapered groove, a back face and opposed sides connecting the faces. The particular 
workpiece selected to illustrate preferred embodiments of the invention hereinafter is an 
automotive accessory drive belt. The abrasive tool and the method of manufacturing 
abrasive tools are also described in the context of the method of manufacturing an 
automotive accessory drive belt. However, the scope of the invention is as set forth in the 
attached claims and is not limited to the preferred embodiments nor to the exemplary 
structures and process steps described hereinafter. 

[0046] Referring now to the drawings and more particularly to Fig. 1, an exemplary 
automotive accessory drive belt system 10 is shown having a drive belt 12 connected to a 
crank shaft pulley 14 and accessory pulleys 16. An idler tensioning pulley 18 is also shown. 
[0047] A cross section of the belt 12 and a fragment of a pulley 16 are shown in Fig. 2. 
The belt 12 is customarily constructed of a pliant elastomeric material with a generally 
rectangular profile. The belt 12 includes reinforcing cords 20 near the driving surface or 
back face and a plurality of grooves 22 in the operational face. A thin impregnated fabric 
backing 21 protects the back face of belt 12. The grooves 22 in belt 12 are designed and 
adapted to receive ribs 24 formed in the annular face of the pulley 16 by intermediate 
recesses 25 with precision annular flanges 26 defining the working width of the pulley. The 
sides of the belt 12 have a bevel or chamfer 23 adjacent the operational face. The width and 
the thickness or depth of the belt 12 as well as the shape of the grooves 22 are controlled 
precisely to provide the best possible driving relationship between the belt 12 and the 
various pulleys 16 and drive shaft 14 of Fig. 1. 
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[0048] The raw blank 28 for the manufacture of the multi-grooved belt 12 is a loop of 
elastomeric and pliant material having a generally rectangular cross section as shown in 
Fig. 3. The raw blank 28 has a fabric backing 21 and a pattern of reinforcement such as 
parallel cords 20 running longitudinally adjacent the driving surface or back face 30 of the 
belt and spaced from the fabric 21. 

[0049] A diagrammatic view of the raw belt blank 28 defined by broken lines as well as 
the finished drive belt 12 are shown in Fig. 4. In accordance with this invention, the back 
face 30 of the raw belt blank 28 is the datum to which all processing is referenced. As 
described hereinafter, in practicing the invention there are three basic operations performed 
on the belt blank 28 to produce the precision multi-grooved belt 12 for current automotive 
applications: (1) edge material 34 indicated by arrows B and B 1 must be removed to 
provide the precision belt width C as shown in Fig. 4; (2) material 36, indicated by arrow E, 
is removed from the operational face of blank 28 to provide the precise thickness F of the 
end product; and (3) the blank material 32 of belt 12 is removed to define lands 27 between 
the grooves 22 in a precision operation to insure accurate, precise and intimate engagement 
of the pulley ribs 24 of Fig. 2 in the grooves 22. In accordance with this invention these 
three operations can be performed sequentially. In accordance with a preferred embodiment 
of the invention, all three operations can be performed with a single tool to define the 
vertical walls establishing width C, the operational face defined by lands 27 and dimension 
F and the precise configuration of the height H, girth G, angle J and radius R of grooves 22. 
(See Fig. 22) 

[0050] In sequential processing, the overall width A of blank 28 can be reduced to 
width C by operation (1). As shown in Fig. 4, the overall width (dimension A) of belt 12 is 
reduced in manufacturing operations to dimension C by removing portions B and B . This 
process is referred to as defining the vertical walls or sides of the belt. U.S. Patent 
5,496,208 describes a grinding wheel that is well suited for removing portions B and B 1 to 
achieve a precision overall belt width. The entire disclosure of U.S. Patent 5,496,208 is 
incorporated herein by reference. 

[0051] In a subsequent operation, operation (2) reduces the thickness D of blank 28 to 
the finished precise thickness F. As shown in Fig. 4, the overall thickness D of belt 12 is 
reduced to dimension F by removing portion 36 having a thickness E. This process is 
referred to as flat grinding the belt. U.S. Patent 6,120,568 describes a grinding wheel that is 
well suited for removing portion E to achieve a precision belt thickness. The entire 
disclosure of U. S. Patent 6,120,568 is incorporated herein by reference. 
[0052] Finally, a grinding wheel incorporating the technology described herein can be 
used to produce the grooves of the profile. The third operation (3), in a preferred 
embodiment of the invention, is combined with and is performed by the same tool that 
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performs operation (2). However, if desired, operation 3 can be performed as a sequential 
operation with an independent tool. As shown in Fig. 4 and magnified in Fig. 22, a groove 
22 is formed in a belt 12 using the grinding wheel of the present invention. As may be 
observed in Fig. 22, the groove 22 has a depth or height H, a width or girth G, an angle J 
and an apex radius R. 

[0053] An important aspect of this invention is to combine these three technologies and 
operations into one tool that relies upon circumferential and axial portions of the tool 
allocated appropriately to each of the three operations to produce the entire profile. 
[0054] Fig. 5 illustrates schematically and genetically how a belt blank 28 can be 
processed in one or more steps to produce a finished precision multi-groove automotive 
belt. The belt blank 28 is mounted between a drive pulley 38 and an anvil 40. The anvil 40 
is driven in the direction indicated by arrow 42 by drive pulley 38 and appropriate tension is 
maintained in the workpiece 28 by an idler pulley 44. The drive pulley 38 and idler pulley 
44 are flanged to accurately maintain the belt blank 28 against axial displacement and to 
align the blank 28 on anvil 40. The anvil has a smooth periphery. Anvil 40 is schematically 
shown mounted pivo tally as by beam 46 about a pivot 48. As shown schematically, the 
anvil 40 is forced down against a tool 50 by a plunger illustrated by arrow 52. A stop 54 is 
provided to control the precision depth to which the operational face of the belt blank 28 is 
plunged against tool 50. As the anvil 40 presses the workpiece 28 against the tool 50, the 
tool 50 is driven at relatively high speed in the direction indicated by arrow 56. The tool 50 
has an axially extending peripheral surface having a pattern generally indicated by broken 
lines 51 to form the operational face or surface in belt blank 28. Fig. 5 illustrates the 
general configuration of apparatus as it can be adapted and employed to perform any 
operation or all required operations. When the belt is finished, it is removed from the anvil 
40 and drive pulley 38 and turned to have the operational face of the belt directed inwardly 
in the loop. 

[0055] Fig. 6 shows a cross sectional fragment of one apparatus taken along line 6-6 of 
Fig. 5. For ease of illustration, Figs. 6 and 6 A conform to the combined operations (2) and 
(3) described in paragraph [0051]. The anvil 40 is shown mounted on spindle 41 and 
supporting the workpiece 28. The reinforced back face 30 in engagement with the flat anvil 
face and reinforcing cords 20 adjacent thereto and operational face 29 are shown 
schematically. In this schematic illustration the tool 50 is operating only on the operational 
face 29 of belt blank 28 to produce the precise thickness and grooved configuration. In the 
schematic illustration of Figs. 5 and 6 the belt blank 28 had already been sized for width. In 
preferred embodiments of this invention precise width, thickness and groove dimensions are 
provided in a single operation as described hereinafter. However, many of the benefits of 
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the invention can be obtained if a particular fabricator elects to perform the operations in 
two or three separate operations, similar to practices in the prior art. 
[0056] The tool 50 is configured with six central ramps 60 and two side ramps 62 
extending from base 90 axially spaced to fabricate a belt blank 28 that has been previously 
sized for width As shown in Fig.6A, the tool ramps 60 and 62 are defined by tool slots 80. 
A pattern of abrasive elements 124 on ramps 60 define the precise configuration of six 
annular grooves 22 as will be described in detail hereinafter. In the workpiece 28 five 
central lands 27 and two edge lands 27A define the grooves 22. 

[0057] Figs. 7 and 8 schematically illustrate a tool blank 64 for the manufacture of tools 
in accordance with this invention. The tool blank 64 has a central aperture 66 having a 
diameter appropriate for mounting on the spindle of grinding apparatus and an outer axially 
extending cylindrical surface 68 to be processed in accordance with this invention to define 
a working surface. 

[0058] Figs. 9 and 10 illustrate one of the steps in fabricating the ultimate tool from a 
tool blank 64 having the central mounting aperture or bore 66 and the outer surface shown 
by broken lines 68. For clarity, the example is for fabricating a tool to perform the 
operations (2) and (3) described in paragraph [0048]. A tool to perform all operations (1), 
(2) and (3) will include additional end flanges as shown in Fig. 24 and described hereinafter. 
As shown in Fig. 9, four ramps 70 are formed in the outer surface 68 in quadrature about the 
periphery of the tool blank 64. An end mill-type tool 72 is used in a CNC-type machine 74 
shown only diagrammatically. CNC machines and end mills are well known in the art and 
are not described in any greater detail herein. The end mill 72 forms the outer 
circumferential surface with four ramps 70 in quadrature in the preferred embodiment 
although a single ramp or any desired number of ramps could be configured into the 
working surface of the tool depending upon the application and job requirements. Each 
ramp 70 has a profile related to the working direction of motion of the completed tool 
indicated by arrow 76. As shown in Fig. 9, each ramp 70 has a first segment identified 
generally as A where the minimum amount of material is removed from the surface of blank 
68. The ramp has a constant radius in that first segment, segment 88. The end mill 72 has 
been controlled by the CNC equipment to gradually increase the removal of material from 
the original blank 68 thus progressively shortening the radius of the ramp 70 in a continuum 
indicated by the letters B and C. Thereafter a final segment of each ramp defines a base 
surface generally indicated by the letter D of constant minimum radius extending to the 
point where the next quadrature ramp 70 begins. At that circumferential position on blank 
64 the CNC machine causes the end mill to return to the original radial position and 
commence the next ramp 70 with segment A. This operation is continued as many times as 
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necessary to provide the desired ramp configuration with a minimum radius 78 defining the 
base surface in the segment designated D. 

[0059] Figs. 11-13 illustrate another step in the process of creating the tools of this 
invention wherein circumferential slots 80 are formed in a tool blank 64. As shown 
diagrammatically in Figs. 1 1 and 12, a CNC machine diagrammatically indicated at 82 is 
used to operate a key cutter 84 in a conventional manner to cut slots in the tool blank 64. A 
fragment of Fig. 12 is shown in Fig. 13 clearly illustrating the relationship of the key cutter 
tool 84 to the tool blank 64 and more particularly to the slots 80 formed by the key cutter 
84. In the preferred embodiment the key cutter 84 cuts to the base radius corresponding to 
the radius along the segment D and has a cutting angle of 44 degrees. Key cutter 84 mills 
the blank 64 to form the slots 80 to a constant depth or base radius 78 as shown in Fig. 1 1 . 
The radius 78 to which the key cutter 84 cuts the slots is equal to the radius of the segment 
D of the central ramps 73 and end ramps 71 . 

[0060] The end mill operation of Figs. 9 and 10 and the key cutter operation described 
with respect to Figs. 11-13 can be performed in the sequence as described here or the key 
cutting operation can be performed first. The slots 80 facilitate processing and the location 
of the abrasive elements described hereinafter. However, in embodiments where the ramp 
height equals the element height, the slots can be omitted. 

[0061] Fig. 14 illustrates a fragment of a tool 50 according to one embodiment of the 
invention. With tool 50 the steps (2) and (3) described in paragraph [0048] are performed in 
a single operation. In Fig. 14 one of the arcuate central ramps 73 and a fragment 90A of the 
tool base 90 from which the ramp 73 extends are shown in a linear projected schematic 
view in order to better illustrate the nature of the ramps 71 and 73 and the slot walls 80 that 
define those ramps. Figs. 14A-D are cross sections taken in Fig. 14 at lines A- A, B-B, C-C, 
and D-D. As shown in Fig. 14A each slot 80 extends to an apex 93 level with base surface 
circumference 92 and have a maximum depth when the ramps 71 and 73 are at their 
maximum height in segment 88 at A- A. Thus, in the operation of the tool embodiment of 
Fig. 14 on a workpiece 28 as illustrated schematically in Fig. 5, the first portion of the tool 
50 to engage the workpiece 28 will be the base surface 92 and more particularly abrasive 
elements on that surface of segment 88 at section D-D of the completed tool, to be 
described. 

[0062] The tool 50 rotates with high linear peripheral speed compared to the linear 
speed of the workpiece as it passes the tool and relative to the radial speed of the workpiece 
toward the tool. Thus the abrasive elements on the ramps 73 will cut very rapidly as the 
ramp approaches the workpiece. In one embodiment, a IOV2 inch tool according to Figs. 
14-17 in the position of schematic tool 50 of Fig. 5 rotates at about 3600 rpm. This 
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provides a linear speed at the contact point of about 9800 ft/minute. In contrast, the 
workpiece at that contact point has a linear speed of about 40 ft/min. 
[0063] A top view of the linear projection of the ramp in Fig. 14 is shown in Fig. 15. 
Each slot 80 formed by the key cutter as described in Figs. 11-13 extends over the full 
quadrature portion of the end ramps 71 and central ramps 73 from the high segment 88 of 
the ramp at A- A in Figs. 14 and 15 to the base surface 92 at D-D. The apices 93 of slots 80 
have a constant radius to the point where they become a part of the base surface 92 that has 
the same radius at line D-D. The base surface 92 of the tool extends beyond D-D up to the 
beginning of the next ramps in the section A-A of the next subsequent tool quadrant. 
[0064] In further processing of a tool 90 in accordance with this invention for use in the 
schematic of Fig. 5, abrasive elements in the nature of small cones made up of many smaller 
cobalt coated tungsten carbide particles are connected by brazing to the continuum of ramp 
surfaces 88 of ramps 73 from A-A to D-D and to the base surface 92 beyond D-D. Figs. 16 
and 17 illustrate the pattern of elements for a tool such as tool 50 of Figs. 6, 14 and 15. 
[0065] The cone-like abrasive elements 124 are fused to the circumferential surfaces 88 
of ramps 71 and 73 and the base surface 92 at D-D. In a subsequent step, to be described, 
the elements 124 are dressed to provide precision grinding surfaces. 

[0066] The cone-like elements 124 are initially produced as a matrix interconnected by 
and oriented on a flexible carrier as schematically shown in Figs. 25-28A and as set forth in 
greater detail in U.S. Patent 5,181,939 which is incorporated herein, in its entirety, by 
reference. The matrix is then broken down into individual elements, or strips or blocks of 
elements that are secured to the machined tool blank and fired and fused to the tool. 
[0067] Specifically referring to Fig. 25, a single layer of protrusions in the form of steel 
balls 1 16 are affixed by adhesive 120 to plate 114. The balls 120 are preferably then fused 
to plate 114 that is secured to a large magnetized base 1 12 of fixture 110. A release 
mechanism 1 18 is shown as a thin layer of nonferrous material such as a sheet or film of 
plastic, preferably Teflon. The release mechanism is placed over the upper surface of the 
balls 116. A source of vacuum may be introduced to the region between the protrusions and 
the release mechanism 1 18 by providing suitable passageways and seals (not shown). The 
vacuum will draw the release mechanism 118 into firm contact with the protrusions 116. 
This completes the fixture upon which a matrix of braze paste and magnetically oriented 
abrasive particles may be prepared. 

[0068] The matrix 122, as shown in Fig. 26 is prepared by sprinkling or diffusing 
200/325 mesh tungsten carbide cobalt coated particles (not shown individually in this 
figure) onto the release mechanism 118. The particles are attracted to balls 1 16 by the 
magnetic flux from magnet 112. These particles will collect on the release mechanism 118 
at the locations of magnetic field concentration formed by the individual steel balls 1 16. 
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[0069] Therefore, the size, shape, location and arrangement of the balls 116 determines 
the pattern generated by the carbide particle collections. Larger diameter balls will provide 
magnetic field concentrations which are spread farther apart. Thus, larger diameter balls 
may be used to produce a coarse textured surface. Specific sizes, shapes and arrangements 
of balls may be used to generate any desired pattern. 

[0070] As the carbide particles are diffused onto the release mechanism 118, they will 
form collections as triangular cross sectioned elements 124. In the preferred embodiment of 
the present invention, the structures 124 will be conically shaped, hereinafter referred to as 
cones or, more broadly, elements. When the cones have reached a desired height by 
addition of particles they are sprayed with an acrylic paint or a mixture of 1.5% polyvinyl 
butyl and lacquer thinner. 

[0071] After the paint has dried or solidified, the cones are coated with a water based 
braze cement (not shown) which provides a protective layer isolating the acrylic paint which 
maintains the structural integrity of the cones from the solvent contained in the coating of 
braze paste 126 which is added after the braze cement. A water based cement consisting of 
one part Nicrobraze Cement Type S, a trademark of Wall Colmonoy Corporation,, and two 
parts water is preferred. 

[0072] Braze paste 126 is then added to encapsulate the cones. A braze paste consisting 
of a binder or cement, preferably 40 percent Nicrobraze Cement 1020, a trademark of Wall 
Colmonoy Corporation, and a braze alloy, preferably 60 percent -325 mesh low melting 
point brazing filler metal. Any braze cement which dries or cures to a flexible structure will 
be satisfactory. Form 128 placed on the release mechanism 118 serves as the outer 
boundary to which the braze paste 126 may flow. The height of form 128 will define the 
thickness of the matrix. 

[0073] The braze past 126 cures or dries to provide a flexible matrix 122, a fragment of 
which is shown in Fig. 27. This matrix 122 and release mechanism 118 may then be 
removed from the fixture 1 10 as a viable structural entity. The matrix may be cut to any 
desired pattern. The release means 118 may then be removed from the matrix 122 by 
peeling it away. After the release mechanism 118 has been removed, the matrix 122 may be 
secured to a second base structure 130, as shown in Fig. 27, by use of pressure sensitive 
adhesive preferably ROBOND 2000. Any suitable adhesive or binder may be utilized. 
[0074] Fig. 27 A is an enlarged section of Fig. 27 illustrating the matrix 122 consisting 
of tungsten carbide cobalt particles 132, acrylic paint 131 and the braze paste 126, which 
itself consists of braze metal 134 and cement 136. After the matrix has been secured to the 
surface of the base structure 130, the entire assembly may be placed in a braze furnace and 
heated to brazing conditions, that is, the necessary brazing temperature for the necessary 
time period. Any temperature between 1850°F. and 2150°F. for a time period of 
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approximately 1 5 minutes is appropriate for a low melting point brazing filler metal. An 
atmosphere of pure dry hydrogen or a vacuum is recommended. A hold cycle of 30 minutes 
is recommended at 800°F. before elevating to braze temperature. The braze metal 134 will 
become molten and flow to form a mortar- like bond of metal 138 (as shown in Fig. 28 A) 
which secures or joins the tungsten carbide cobalt particles 132 together individually and to 
the base structure 130. Thus, after brazing, only the braze alloy and abrasive particles 
remain as the binder has vaporized. 

[0075] The final product, as shown in Fig. 28 and 28 A, is a base structure 130 that is 
armed with cones 124 of particles 132 and braze metal 138 that provide the abrading tool 
cutting points. 

[0076] Fragments of Fig. 15 are shown in Figs. 16 and 17 with representative elements 
124. Fig. 16 shows a lefthand tool fragment showing an end ramp71 and one central 
ramp73. Abrasive elements 124 are laid in relatively straight paths on the portion of the 
constant radius ramp surfaces extending from line A-A(R) to A-A(L). The line of elements 
124 extends from the right edge of the surface 88 of central ramp 73 diagonally to the left 
edge. From the line A-A(L) to line D-D in Fig. 16, the abrasive elements 124 follow the left 
edge of the ramp surface 88 as the ramp surface radius diminishes in a continuum to line D- 
D. At line D-D, the ramp surface 88 blends into constant radius cylindrical base surface 92. 
Surface 92 has a pattern of elements 124 that determines the workpiece thickness as shown 
in Fig. 23. Thus the righthand side of tool slot 93 is defined. A similar set of elements 124 
on the ramp 73 in the next quadrature sector defines the lefthand side of slot 93 and the 
beveled edge of the first workpiece land (27A in Fig. 6 A). 

[0077] In one embodiment of the invention, the ramp surface 88 in the segment A-A is 
.075 inch wide and the ramp is .085 inch above the radius of base 92. The total axial pitch 
from ramp to ramp is .140 inch. That is, the axial spacing from one slot apex 93 to an 
adjacent slot apex 93 is .140 inch. The cone-like elements 124 are .085 inch high and .060 
inch in diameter at their base. 

[0078] The orientation of the rows of elements 124 shown in the Figs. 16 and 17 
fragments of Fig. 15 illustrates a feature of the invention. The tool 90 as shown flattened in 
Fig. 15 is constructed with five central ramps 73 defined by six slots 80 and with axially 
spaced side or end ramps 71 . As will be seen in Fig. 16, the left slot 80 not only defines the 
edge of the ramp 73 on the right side of slot 80 but it also defines a side or end ramp 71 . 
This defines a central workpiece land 27 and an end land 27A (see Fig. 4). The side ramp 
71 in Fig. 16 has a set of aligned abrasive elements 124 disposed to define the chamfer 
bevel 23 of Fig. 4. Arrow 89 shows the conventional direction of motion relative to the 
workpiece. 
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[0079] Fig. 17 illustrates the right portion of Fig. 15 as it would appear in the quadrature 
sector adjacent to that shown in Fig. 16. There the aligned elements 124 start at the right 
side of the ramp 73 and lie along the right side from the line D-D to the line A-A(R). From 
the line A-A(R) to A-A(L) the ramp is of a constant width and radius and the elements 124 
follow a generally straight line from the right side of the ramp 73 to the left side of that 
ramp. 

[0080] Figs. 16A(R) through 16D and 17A(L) through 17D are sectional views taken on 
the linear projection of the tool circumferential surface shown in Figs. 16 and 17 and 
illustrate the manner in which the abrasive particle elements 124 are positioned axially with 
respect to the slots 80 and ramps 73 at selected circumferential locations. 
[0081] Between the ramps 71 and 73 on the left side of the tool 90 as shown in Fig. 16 
and the ramps 73 and 71 on the right side of the tool 90 as shown in Fig. 17, there are three 
additional central ramps 73 as shown in Fig. 15. The intermediate central ramps in the tool 
90 of Figs. 14-17 can have the element patterns as shown in Figs. 16 or 17, respectively 
intermixed. A tool, such as one for fabricating the workpiece of Fig. 4 having six grooves, 
will have six ramps. In the configurations having an even number of ramps, the left to right 
and right to left element patterns are alternated. An important advantage of the use of the 
two distinct element patterns is believed to be a distribution of the axial or side-wise forces 
on the pliant workpiece, minimizing distortion and resulting in enhanced product precision. 
[0082] Figs. 18 and 19 schematically show that a tool 94 according to this invention has 
a vast number of abrasive elements 124 as a result of the steps described and illustrated in 
Figs. 14-17. Although illustrated as perfect specimens, each of those elements has 
dimensional manufacturing tolerances which would preclude the precision manufacture that 
is sought. In the next step shown in Figs. 18 and 19, the tool 94 and elements 124 are 
finished by a dressing wheel 96 having a working surface coated with diamond particles and 
mounted for rotation on a drive shaft 98. The interface of the dressing tool 96 with a tool 94 
is shown in Fig. 19. The tool can be designed to make a workpiece having any desired 
number of grooves from 1 through 6 or 7 or more and consequently any number of lands for 
driving engagement with a corresponding number of recesses in the various pulleys of an 
automotive accessory drive system. In the dressing system illustrated in Fig. 19, the tool 94 
has five central ramps 97 plus two end flanges 101 with beveled ramps 99. The five central 
ramps with abrasive elements 124 disposed thereon will define five grooves and four central 
lands in the ultimate pliant workpiece. The beveled end ramps 99 with abrasive elements 
124 thereon will provide a chamfer on the end lands of the workpiece as already described. 
[0083] To shape the elements to conform to the precision shape desired in the ultimate 
workpiece, the dressing wheel 96 is shaped to the precision pattern of the ultimate 
workpiece with a recess corresponding to each ramp of the tool. The dressing wheel is 
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coated with very fine diamond particles 102 not visible in Figs. 18 and 19. In Fig. 20, a 
fragmentary schematic of the dressing wheel 96 is shown with one recess 100 coated with 
diamond particles 102 for dressing the abrasive elements on the tool ramps. The working 
surface of one ramp is exemplified by abrasive elements AL, AR, B and C. The dressing 
tool 96 has a circumferential periphery 104 coated with fine diamond particles 106 to dress 
the elements D on the base surface 92, a fragment of which is shown in Fig. 20. Fig. 20 is a 
developed illustration in a single plane of the position of the abrasive particle elements as 
shown in Figs. 16 and 17. The elements AL and AR are on the ramps in segment A of Figs. 
14-17, while elements B are at circumferential position B, elements C are at circumferential 
position C and elements D are on the base D, respectively. As shown in Fig. 20, the conic 
abrasive elements have not been dressed with the diamond wheel 96, and would have an 
uneven and imprecise configuration. The end result after dressing is illustrated in Fig. 21 
where the fragment of the dressing wheel 96 is shown positioned above the dressed base 
surface 92 and ramp 108. Exemplary dressed abrasive particle elements AL, AR, B, C and 
D illustrate the manner in which the elements of Fig. 20 have been dressed to define a single 
precise outline of the desired groove in the workpiece when the tool 94 is rotated in 
processing a belt blank. Fig. 21 also illustrates the manner in which the elements on the 
base surface 92 are dressed to provide the base grinding surface 107 and the precision 
workpiece thickness F in Fig. 4. Rapid rotation of the tool with relatively slow movement 
of the workpieces presents a continuum of the patterns described with respect to Figs. 
14-17. Other abrasive materials such as large diamond, tungsten or carbide pieces formed 
as elements or elements assembled from fine diamond particles or dust can also be 
employed to obtain the benefits of the invention. 

[0084] Fig. 22 illustrates the precise groove 140 formed in a fragment of the pliant 
workpiece 142. In the described embodiment the workpiece grooves have a girth or width 
of .082 corresponding to the girth G shown in Fig. 4 and described heretofore. The groove 
140 has an included angle J of 44 degrees and a radius R in the apex of .010 inch. The 
height H of the groove at the working face of the pliant material 142 in this particular 
embodiment is .08 inch. 

[0085] Fig. 23 illustrates the manner in which the thickness F shown and described with 
respect to Fig. 4 is established in the operation when using the apparatus of Fig. 5 with a 
tool 144 having a pattern of abrasive elements 146 in accordance with Figs. 16 and 17. The 
workpiece such as belt 148 is supported on the anvil 150. The workpiece has been 
previously processed to have the required width and has been axially positioned on the anvil 
150 by the other flanged pulleys all corresponding to the schematic equipment described 
with respect to Figs. 5 and 6. The abrasive elements 146 of Fig. 23 correspond to the 
abrasive elements at location D of Figs. 9-1 1 illustrating preferred embodiments of this 
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invention that control with precision the thickness of the workpiece. The precision shaping 
and finishing of the lands 152 and grooves 154 at circumferentially spaced locations A, B 
and C are provided by the ramps that are circumferentially spaced from location D, as 
shown in Figs. 16 and 17. The embodiment described here is a preferred embodiment that 
will perform both the sizing for thickness and the formation of precision grooves in a single 
operation. These two operations can be performed separately if desired. A separate tool, as 
described in U.S. Patent 6,120,568 can perform the operation at base radius D shown in Fig. 
23 and establish a precise thickness. 

[0086] In Fig. 24 another preferred embodiment of the invention is shown having a tool 
158 with abrasive elements 160 disposed on flanges 162 to control belt width. Elements 
164 disposed on the ramps 166 form the grooves 168 in the ultimate workpiece such as the 
belt 170. In processing, the belt 170 is supported on an anvil 172. In this particular 
embodiment, tool 158 provides sizing for width through the precision dressed elements 160 
and establishes a precision thickness through precision dressed elements 146 at the 
circumferential positions D as shown in Figs. 9-17 and 23. The dressed elements 146 for 
thickness control at D-D are shown in Fig. 23 but are omitted in Fig. 24 for clarity. 
Circumferentially spaced elements 164 shown diagrammatically in Fig, 24 provide 
precision processing of the grooves 168 by the precision abrasive elements 164 on the 
ramps 166 at A- A, as previously described. Groove processing is provided in the 
continuum presented from D-D to A-A as represented at selected circumferential points by 
sectional views presented at B-B and C-C in Figs. 16 and 17. 

[0087] All references, including publications, patent applications, and patents, cited 
herein are hereby incorporated by reference to the same extent as if each reference were 
individually and specifically indicated to be incorporated by reference and were set forth in 
its entirety herein. 

[0088] The use of the terms "a" and "an" and "the" and similar referents in the context 
of describing the invention (especially in the context of the following claims) are to be 
construed to cover both the singular and the plural, unless otherwise indicated herein or 
clearly contradicted by context. The terms "comprising," "having," "including," and 
"containing" are to be construed as open-ended terms (i.e., meaning "including, but not 
limited to,") unless otherwise noted. Recitation of ranges of values herein are merely 
intended to serve as a shorthand method of referring individually to each separate value 
falling within the range, unless otherwise indicated herein, and each separate value is 
incorporated into the specification as if it were individually recited herein. All methods 
described herein can be performed in any suitable order unless otherwise indicated herein or 
otherwise clearly contradicted by context. The use of any and all examples, or exemplary 
language (e.g., "such as") provided herein, is intended merely to better illuminate the 
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invention and does not pose a limitation on the scope of the invention unless otherwise 
claimed. No language in the specification should be construed as indicating any non- 
claimed element as essential to the practice of the invention. 

[0089] Preferred embodiments of this invention are described herein, including the best 
mode known to the inventors for carrying out the invention. Variations of those preferred 
embodiments may become apparent to those of ordinary skill in the art upon reading the 
foregoing description. The inventors expect skilled artisans to employ such variations as 
appropriate, and the inventors intend for the invention to be practiced otherwise than as 
specifically described herein. Accordingly, this invention includes all modifications and 
equivalents of the subject matter recited in the claims appended hereto as permitted by 
applicable law. Moreover, any combination of the above-described elements in all possible 
variations thereof is encompassed by the invention unless otherwise indicated herein or 
otherwise clearly contradicted by context. 



